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Abstract 

Background: Blood lipids are cardiovascular health indicators. High LDL cholesterol values and/or high total 
cholesterol (TQ/HDL cholesterol ratios are positively related with cardiovascular mortality. Evidence suggests that a 
Mediterranean diet can reduce the incidence of cardiovascular diseases. Adherence to the Mediterranean diet is 
often measured by the Mediterranean Diet Score (MDS). However, the association between the Mediterranean diet 
and blood lipid profiles seems still inconclusive. The aim of this study was to investigate the relationship between 
the MDS, its different components and blood lipid profiles. 

Methods: A sample of 506 women and 707 men (aged 18-75 years) was recruited. Three-day diet records were 
used to calculate the MDS. Blood samples were analyzed for serum TC, LDL and HDL cholesterol. ANOVA was used 
to analyze blood lipids across the MDS tertiles. A multivariate linear regression analysis was performed to investigate 
the associations between the MDS, its components and blood lipids, adjusted for several confounders. All analyses 
were stratified by gender. 

Results: Few gender-specific associations were found between the MDS, its components and blood lipids. Only in 
men, the total MDS was negatively related with LDL cholesterol and the ratio TC/HDL cholesterol while positively 
with HDL cholesterol. In women, respectively two (MUFA/SFA and cereals) and in men three (fruits & nuts, meat 
and alcohol) of the nine MDS components were related with blood lipids. 

Conclusions: Analyses investigating the relationship between the MDS, its components and blood lipid profiles 
indicate only limited influence of the Mediterranean diet on blood lipids. More associations were detected in men 
compared to women. 
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Background 

Relationships between dietary patterns and quality of life 
have been widely investigated [1]. Particularly the adher- 
ence to a Mediterranean dietary pattern is likely to be 
associated with positive health outcomes. Willett et al 
[2] reported that, together with non-smoking and regu- 
lar physical activity, over 80% of coronary heart disease 
(CHD), 70% of stroke and 90% of type two diabetes can 
be avoided by making food choices which are consistent 
with the traditional Mediterranean dietary pattern. This 
pattern is defined by a high intake of plant foods, 
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monounsaturated fats (MUFA), fish and whole grains; 
moderate intake of ethanol and dairy products; and low 
intake of meat, refined grains and sweets [3]. The Medi- 
terranean dietary pattern was brought to the attention 
by Ancel Keys, who investigated the relationship be- 
tween dietary fatty acids, nutritional cholesterol intake 
and 25 -year mortality from CHD in the Seven Countries 
Study [4], 

The research approach of assessing single nutrients 
and food groups in relation to the prevalence of diseases 
has proven associations with health outcomes [5,6]. 
Furthermore, investigators have suggested that a more 
holistic dietary approach on disease prevention could be 
recommended [7,8]. An internationally validated scale to 
assess the adherence to the Mediterranean dietary 
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pattern was developed by Trichopoulou et al. [9]. The 
Mediterranean Diet Score (MDS) consists of nine single 
components, namely the component monounsaturated/ 
saturated fatty acids (MUFA/SFA), legumes, fruits and 
nuts, vegetables, meat, cereals, alcohol, dairy and fish. 
Sofi et al. [10] described that a two point increase of the 
MDS leads to a 9% reduction in cardiovascular mortality 
in different non-Mediterranean populations. It was 
hypothesized that the positive effect of MDS on cardio- 
vascular health is mediated by blood lipids. Several re- 
ports suggested that MDS is associated with blood 
lipids. Pitsavos et al. [11] and Panagiotakos et al. [12] 
showed that the MDS was inversely associated with LDL 
cholesterol. Carter et al. [13] reported that the ratio total 
cholesterol (TC)/HDL cholesterol decreased with an in- 
creasing MDS and that HDL cholesterol increased with 
increasing MDS tertiles. Using an alternative calculation 
of the MDS by examining questions from an existing 
life-style questionnaire measuring the relevance to Medi- 
terranean diet components and the adherence to Medi- 
terranean diet patterns based on previous studies, lower 
LDL cholesterol and higher HDL cholesterol levels were 
observed in men with a higher modified MDS (mMDS) 
[14]. In contrast, de Lorgeril et al. [15] confirmed the 
cardio-protective effect of the Mediterranean dietary 
pattern in the Lyon Diet Heart Study, but showed no 
differences in blood lipids between the control group 
(with a classic diet low in SFA) and the experimental 
group (with a Mediterranean type of diet). The equivocal 
results regarding the association between the MDS and 
blood lipids may be due to the influence of several con- 
founding factors, which could have been inconsistently 
taken into account. Due to the menopausal status and 
the use of hormone replacement therapy there are 
gender-specific differences in blood lipids, with women 
having higher levels of TC and HDL cholesterol, while 
men have higher LDL cholesterol levels. HDL choles- 
terol and LDL cholesterol are also influenced by age 
[16]. Gostynski et al. [17] found that hypercholesterol- 
emia increased with age. There is also a positive relation 
between hypercholesterolemia and Body Mass Index 
(BMI). The physical activity level (PAL) mostly raises 
HDL cholesterol, but findings for TC and LDL choles- 
terol are less consistent [18]. In some studies, smoking is 
positively related with CHD, but the suggestion that 
smoking modifies the association between blood lipids 
and cardiovascular risk is uncertain [19]. 

Despite the cardio-protective effect, the relation be- 
tween a Mediterranean dietary pattern, its components 
and blood lipids remains debated. Therefore, it might be 
interesting to investigate this in a Flemish population, 
with a wide variability in food habits and food scores 
[20-22] since sufficient variability is required to detect 
possible associations. The aim of this study was to 



investigate the association between the MDS, used as an 
indicator for the adherence to a Mediterranean dietary 
pattern, and blood lipids. This paper explored the rela- 
tionship between the MDS, its components and blood 
lipids taking into account several potential confounding 
factors such as age, PAL, BMI, energy intake and smok- 
ing. A better blood lipid profile with an increasing MDS 
was hypothesized because of the high vegetable and the 
low SFA character of the Mediterranean dietary pattern. 

Methods 

Subjects 

Data were collected by the Flemish Policy Research 
Centre Sport, Physical Activity and Health [23]. One of 
the aims of this Research Centre was to investigate the 
relationship between nutritional habits, physical health, 
mental health and physical fitness among an adult popu- 
lation. For this purpose, 46 Flemish municipalities were 
selected by clustered random sampling. Within these 
municipalities, a random sample of men and women be- 
tween 18 and 75 years of age was selected to participate. 
A sample size analysis was performed with alpha = 0.05, 
power = 0.80 and an effect size of 5 mg/dl for TC be- 
tween low and high MDS. The estimated sample size 
was 1132. More participants were recruited to account 
for possible drop-outs and invalid measures. Of the 1511 
participants, 1213 completed all tests and measure- 
ments. Results are based on data of 506 women and 707 
men. Although small differences with the general Flem- 
ish population were observed, the sample of the current 
study can be considered as sufficiently representative for 
geographic distribution, age, gender and educational 
level. Subjects were asked to visit the test laboratory to 
provide a fasting blood sample, to have anthropometric 
measurements taken and to complete questionnaires. A 
three-day diet record was sent about two weeks before 
their visit to the laboratory, and subjects were requested 
to bring their completed record on the day of their 
appointment. All participants signed an informed consent 
form and received information about the tests and mea- 
surements. The study was approved by the ethical and 
medical committee of the Katholieke Universiteit Leuven. 

Measurements 
Dietary assessment 

Participants completed a three-day diet record, in which 
they noted all foods and drinks during two weekdays and 
one weekend day [24] . The participants were instructed to 
weigh the amount of foods and drinks consumed. If 
weighing was not possible, the participants were instructed 
to estimate the amount of the foods and drinks they con- 
sumed by using standard household measures (e.g. a 
spoon, glass, cup, etc.). All information about the diet rec- 
ord was included in the three-day record booklet. Diet 
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records were analyzed using Becel Nutrition software 
(Unilever Co.; Rotterdam, The Netherlands). Total energy 
intake (in kcal/day), consumption of food groups (in 
gram/day), macronutrients (in gram/day) and micronutri- 
ents (in mg/day or ug/day) were calculated. A nine-point 
score of the MDS was calculated using gender-specific me- 
dian of intakes [9]. For beneficial components (as assigned 
by the MDS) such as vegetables, legumes, fruits and nuts, 
cereal and fish, a consumption below the median was 
assigned a value of 0, and a consumption above the me- 
dian was assigned a value of 1. For the detrimental compo- 
nents (as assigned by the MDS) meat, poultry and dairy 
products, a consumption below the median was assigned a 
value of 1, and a consumption above the median received 
a value of 0. Men with a consumption of ethanol between 
10 and 50 g per day and women with a consumption of 
ethanol between 5 and 25 g per day had a value of 1, other 
consumption patterns for ethanol received a value of 0. 
For fat intake the ratio MUFA/SFA was determined. A 
value above the median was rated 1, below the median 0. 
Thus, the total MDS is calculated as the sum of the above 
mentioned component scores. 

Blood samples 

Participants were instructed to fast from 11:00 p.m. the 
evening before their visit to the laboratory. A fasting blood 
sample was taken by a nurse or physician from an antecu- 
bital vein in supine position. A tube of 10 ml Venoject was 
used to determine TC and HDL cholesterol. After stand- 
ing for 20 to 30 minutes at room temperature, samples 
were placed in the fridge (4°C) vertically and were ana- 
lyzed by the laboratory on the same day. TC and HDL 
cholesterol was analyzed using the homogeneous polya- 
nion/cholesterol esterase/oxidase enzymatic method using 
an Olympus AU5400 analyzer (Olympus Diagnostica, 
Hamburg, Germany). LDL cholesterol was calculated 
using the following formula: LDL cholesterol = TC - HDL 
cholesterol - Triglycerides/5 [25]. 

Anthropometric measurements 

Anthropometric measurements were performed by 
trained staff using standardized techniques and equip- 
ment according to the International Society for the Ad- 
vancement of Kinanthropometry [26]. Participants were 
measured barefoot and in minimal clothing. Body weight 
was recorded to the nearest 0.1 kg with a digital balance 
(Seca 841, Seca GmbH, Hamburg, Germany) and body 
height with a Holtain stadiometer (Holtain, Crymych, 
UK) to the nearest 0.1 cm. BMI was calculated using the 
following formula: BMI = body weight (kg) /(height (m)) 2 . 

Physical activity level (PAL) 

The PAL was estimated using the Flemish Physical 
Activity Questionnaire (FPACQ). The FPACQ was found 



to be a valid and reliable questionnaire for the different 
components of physical activity during a normal week in 
adults [27]. The PAL is an indicator of the general activ- 
ity level expressed in relation to the basal metabolism. A 
PAL between 1.40 and 1.69 is defined as sedentary, be- 
tween 1.70 and 1.99 as moderately active and from 2.00 
onwards as vigorously active [28]. 

Smoking behavior 

Smoking behavior was assessed using the WHO Monica 
Smoking Questionnaire enabling dichotomization in ac- 
tual smokers and non-smokers [29]. 

Statistical analysis 

SPSS 21.0 (SPSS Inc. Chicago, IL) statistics software was 
used for data analysis. Descriptive statistics, such as 
mean and standard deviation were calculated for 
characterization of the participants. The distribution of 
age, BMI, total energy intake, PAL and blood lipids 
across the tertiles of the MDS was tested using ANOVA 
(p for trend). The association between the MDS and 
actual smokers was determined by a chi-square test. As- 
sociations between the MDS, its components and blood 
lipids were tested using multivariate linear regression 
(forced entry method) with blood lipids as a continuous 
dependent variable, adjusted for age, BMI, total energy 
intake and PAL as continuous variables and smoking as 
a dummy variable. All analyses were stratified by gender. 
A two-sided 0.05 level of significance was defined. 
Normality of the data was checked visually and with 
Kolmogorov-Smirnov test. Data were mostly normally 
distributed. Non-normally distributed data were tested 
with parametric and non-parametric tests, this did 
not influence the nature of the relationships. For 
clarity and simplicity, we presented only the results of 
the parametric tests. 

Results 

Sample characteristics are given in Table 1. Of all the 
participants, 15% were actual smokers. The mean (SD) 
age was 44.7 (10.3) years for women and 46.5 (11.4) 
years for men. Women and men had a mean (SD) BMI 
of 24.2 (3.9) kg/m 2 and 25.6 (3.1) kg/m 2 respectively. 
Mean (SD) daily energy intake was 1976 (533) kcal for 
women and 2565 (749) kcal for men, and PAL was 1.7 
(0.2) for women and 1.8 (0.3) for men. TC was 205 (37) 
mg/dl for women and 208 (38) mg/dl for men and ratio 
TC/HDL cholesterol was 3.2 (0.9) and 3.9 (1.0) respect- 
ively. The mean (SD) total MDS was 4.6 (1.8) for women 
and 4.7 (1.7) for men. 

Table 2 illustrates the distribution of age, BMI, energy 
intake, PAL, actual smokers and blood lipids as a func- 
tion of the MDS tertiles, stratified by gender. For both 
genders the mean age increased as a function of the 
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Table 1 Characteristics of the participants 
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MDS tertiles (p < 0.001). There were no statistically sig- 
nificant differences in BMI, total energy intake, PAL and 
actual smokers between the MDS tertiles. In men, there 
was a statistically significant difference in smoking (p = 
0.046), with the lowest prevalence in the highest MDS 
tertile. HDL cholesterol increased (p = 0.001) and ratio 



TC/HDL cholesterol decreased (p = 0.005) with increas- 
ing tertile in men. 

The results of the association between the MDS, its 
components and blood lipids adjusted for age, BMI, en- 
ergy intake, PAL and smoking behavior stratified by gen- 
der are shown in Table 3. The component MUFA/SFA 
was negatively related with HDL cholesterol while posi- 
tively with the ratio TC/HDL cholesterol in women. The 
component fruits and nuts was negatively related with TC, 
LDL cholesterol and the ratio TC/HDL cholesterol while 
positively with HDL cholesterol in men. For the meat 
component, there was a negative relation with TC among 
men. The cereals component was negatively related with 
TC, LDL cholesterol and the ratio TC/HDL cholesterol in 
women. The alcohol component was positively related 
with TC and HDL cholesterol in men. For total MDS only 
a relationship was seen in men. MDS was negatively re- 
lated with LDL cholesterol and the ratio TC/HDL choles- 
terol, while positively with HDL cholesterol. 

Discussion 

The aim of the present study was to investigate the asso- 
ciation between the MDS, its components and blood 



Table 2 Age, BMI, total energy intake, PAL and actual smokers as a function of MDS tertiles 
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Table 3 Multivariate linear regression with blood lipids as a continuous dependent variable: associations with the MDS and components 
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-0.90 
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-1.57 (-3.44; 0.31) 
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*p < 0.05; adjusted for age (in years), Body Mass Index (in kg/m 2 ), total energy intake (in kcal), physical activity level (in PAL) and smoking (yes versus no). 
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lipids, taking into account potential confounding factors 
such as age, BMI, PAL, energy intake and smoking. The 
results showed that there are only limited gender- 
specific relationships between total MDS or its compo- 
nents and blood lipids. A better blood lipid profile with 
an increasing MDS was hypothesized since the Mediter- 
ranean dietary pattern is characterized by a high con- 
sumption of vegetable food (including vegetables, pulses 
and whole cereals), a regular use of olive oil and low 
SFA. These factors are related with lower TC levels, 
which are considered as health protective [4,30]. In our 
study, only weak associations with blood lipids were 
found in the non-adjusted and in the adjusted analysis. 
The results are more in accordance with the formulated 
hypothesis in men compared to women. The negative 
relation between MDS and LDL cholesterol in the ad- 
justed analysis corroborate the findings of Pitsavos et al. 
[11], Panagiotakos et al. [12] and Fito et al. [31], but in 
men only. Carter et al. [13] reported an increase in HDL 
cholesterol and a decrease in TC/HDL cholesterol with 
an increasing MDS. In the present study the same asso- 
ciation was found, but only in men. Pitsavos et al. [11] 
and Carter et al. [13] found the same results in men and 
women. Panagiotakos et al. [12] adjusted for gender and 
Yang et al. [14] only included men. Different relations 
between the MDS and blood lipid profiles found for 
men compared to women can be explained by the fact 
that some physiologic and metabolic factors may induce 
other responses in women compared with men, such as 
menopausal status and the use of hormone replacement 
therapy [16]. Genetic differences may also induce differ- 
ent responses in the blood lipid profile. There are some 
effects of estrogen that may predict benefits [32] . 

The weak relations found in our study are in line with 
the results from the Lyon Diet Heart study, in which 
was found that a Mediterranean diet does not qualita- 
tively alter the reported relationships between the risk 
factors of CHD, such as blood lipids, and the recurrence 
rate of CHD [33]. Moreover, the association between 
CHD and the dietary intake of polyunsaturated fatty 
acids (PUFA) and SFA was contested by the meta- 
analysis of Chowdhury et al. [34], concluding that there 
is no clear evidence for the present cardiovascular guide- 
lines encouraging low consumption of SFA and high 
consumption of PUFA. 

As a consequence, uncertainties remain about the 
cardio-protective mechanism of the Mediterranean diet. 
According to de Lorgeril et al. [35], other Mediterranean 
lifestyle factors such as the absence of stress and pollu- 
tion, the economic situation and the presence of health 
systems and extensive welfare are postulated as possible 
explanations for the protective effect. However, also in 
non-Mediterranean populations health effects can be ob- 
tained by adherence to a Mediterranean diet [36]. The 



reduction in CHD prevalence with comparable lipid and 
lipoprotein risk factors points to other important risk 
factor modifications influencing the development of 
CHD [37]. Oxidative stress due to the antioxidant cap- 
acity of the diet, decreased inflammation and improved 
parameters of endothelial function are possible mecha- 
nisms linking the Mediterranean diet to reduced cardio- 
vascular risk, whilst alpha-linolenic acid can contribute 
to the cardio-protective abilities [38,39]. The role of 
PUFA, nitrite and polyphenols can also lower the car- 
diovascular recurrence rate [40]. Another explanation 
for the lack of association between the Mediterranean 
dietary pattern and the blood lipid profile may be due to 
the influence of confounding factors. Adherence to a 
Mediterranean diet combined with other healthy lifestyle 
and genetic factors [32] may have an influence on the 
blood lipid profile. The latter factors are understudied in 
most reports, whilst they may help to explain the blurred 
relations between the MDS and blood lipids. 

Comparing our results with those from other studies 
is complex, because little attention is given to con- 
founders in most reports. Possible confounding factors 
are generally not clearly reported or controlled for in dif- 
ferent ways, for example as a dichotomous variable, in 
more categories or in tertiles. Pitsavos et al. [11] and 
Yang et al. [14] reported the relation between the MDS 
and blood lipids in adjusted and non-adjusted analyses. 
Reductions in LDL cholesterol with an increasing MDS 
were found irrespective of various confounding factors 
[11]. In the study of Yang et al. [14] only LDL choles- 
terol varied whether the analysis was adjusted or not. 
For HDL cholesterol and the ratio TC/HDL cholesterol, 
similar results were found for non-adjusted and adjusted 
analysis. Yang et al. [14] reported using an adjusted ana- 
lysis lower LDL cholesterol with a higher mMDS as in 
the adjusted analysis of the present study and higher 
HDL cholesterol with a higher mMDS as in both the ad- 
justed and non-adjusted analysis of the present study. 

There are some limitations to the present study. The 
study has a cross-sectional design and can therefore not 
predict causality. Another limitation of the study is that 
dietary records and physical activity questionnaires are 
susceptible to reporting bias, and a healthy volunteer 
effect can be suspected. Adjustment for known influen- 
cing factors was done, but factors such as pollution, 
stress, economic factors and genetic factors were un- 
known. Literature indicates that blood lipids levels seem 
to be higher in postmenopausal women compared to 
premenopausal women [41]. Information concerning 
menopausal status in women was not available. Hence, 
correction for this potential confounder was impossible. 
Equally, a review showed that blood lipids improved 
when people stopped smoking [42], In the present study 
smoking status was used as a possible confounding 
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factor. Based on the questionnaire it was not possible to 
divide the participants into three smoking categories 
(former smoker, current smoker or non-smoker). Besides 
the high power and the integration of confounding fac- 
tors, an important strength of this study is the debated 
research topic. The relationship between the MDS and 
blood lipids is insufficiently investigated whereas under- 
lying mechanisms and confounding factors remain un- 
clear. Hence, reports of non-significant results are likely 
to remain unpublished because of publication bias [43]. 
Prospective research is needed to learn more about the 
associations between the MDS and blood lipids, poten- 
tially in combination with a cardiovascular endpoint. 

Although the hypothesized relation between MDS, its 
components and blood lipids was not confirmed, previous 
studies have shown that adherence to the Mediterranean 
diet can be health protective [10]. Literature shows that an 
increment in HDL cholesterol of 1 mg/dl is estimated to 
decrease the risk of CHD by 2% to 3% [44]. According to 
earlier published papers, both the MDS and blood lipid 
profile seem to be separately associated with CHD. In 
the present study, there were only few associations be- 
tween MDS, its components and blood lipids, even after 
adjustment for potential confounding factors. 

Conclusions 

The health effect of the MDS is only slightly mediated 
by blood lipids, and correcting for potential confounding 
factors has a limited influence on the associations be- 
tween the MDS and blood lipids. The analysis of the dif- 
ferent components of the MDS does not give a further 
explanation for the relationships. The associations are 
more pronounced in men compared to women. Further 
research is necessary to elucidate the relationship be- 
tween adherence to a Mediterranean diet and blood 
lipids, with special attention to confounding factors such 
as lifestyle and genetic factors. 
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